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ATTACHMENT A 



Clean Replacement/N ew Claims fentire set of pending r.laims) 
Following herewith is a clean copy of the entire set of pending claims. 

1 . (amended) Method of producing mould parts on a string moulding apparatus 
comprising a moulding chamber between a squeeze plate and a pivoted squeeze plate 
in which both the squeezes plate and the pivoted squeeze plate can move in a direction 
towards each other and a direction away from one another comprising the steps of 
introducing a compressible particulate moulding material in the moulding chamber and 
then squeezing the moulding material by moving the squeeze plate and the pivoted 
squeeze plate towards one another, characterized by the step of controlling 
the velocity of the squeeze plate and the velocity of the pivoted squeeze plate 
independent from one another during the squeezing of the mould part. 

2. (amended) Method according to claim 1 , characterized by the step of controlling the 
velocity of the squeeze plate and the pivoted squeeze plate such that they move in the 
same direction during at least a part of the squeezing of the mould. 

3. (amended) Method according to claim 2, characterized by the step of controlling the 
velocity of the squeeze plate and the pivoted squeeze plate such that either the 
squeeze plate or the pivoted squeeze pate is slowed down abruptly for creating a shock 
effect. 

4. (amended) Method according to claim 2, characterized by the step of controlling the 
velocity of the squeeze plate and the pivoted squeeze plate such that the pivoted 
squeeze plate is reversed during the squeezing operation. 

5. (amended) Method according to claim 2, characterized by the step of controlling the 
velocity of the squeeze plate and the pivoted squeeze plate such that they move 
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towards one another with different velocity during at least a part of the squeezing of the 
mould. 

6. (amended) Method according to claim 1, characterized by the step of controlling the 
velocity of the squeeze plate and the pivoted squeeze plate such that they move 
towards one another with equal velocity during at least a part of the squeezing of the 
mould. 

7. (amended) Method according to claim 1 characterized in that the velocity of the 
squeeze plate and the velocity of the pivoted squeeze plate are controlled according to 
a predetermined velocity versus time profile. 

8. (amended) Method according to claim 1 , characterized in that the velocity of the 
pivoted squeeze plate is controlled such that the pivoted squeeze plate is positioned at 
the moulding chamber front at the end of the squeezing of the mould. 

9. (amended) String moulding apparatus for producing mould parts comprising a 
moulding chamber between a squeeze plate and a pivoted squeeze plate, in which 
mould parts are produced by introducing a compressible particulate moulding material 
in the moulding chamber and then moving the squeeze plate and the pivoted squeeze 
plate towards each other to squeeze the mould part 

characterized in that the velocity of the squeeze plate and the velocity of the 
pivoted squeeze plate are controlled independently from one another during squeezing 
of the mould part. 

10. (amended) Apparatus according to claim 9, characterized in that a first actuator 
driving the squeeze plate and a second actuator driving the pivoted squeeze plate 3 
are Independently powered. 



-2- 



Clean claims 



1 1 . (amended) Apparatus according to claim 9, characterized in that a first hydraulic 
actuator driving the squeeze plate is powered by a first pump and a second hydraulic 
actuator driving pivoted squeeze plate is powered by a second pump 31 . 

12. (amended) Apparatus according to claim 10, further comprising a first sensor for 
producing a signal con-esponding to the velocity of the squeeze plate and comprising a 
first sensor for producing a signal corresponding to the velocity of the pivoted squeeze 
plate. 

13. (amended) Apparatus according to claim 12, further by comprising a controller 
which receives the signals from the first and second sensors and controls the velocity of 
the squeeze plate and the pivoted squeeze plate in response to these signals. 

14. (amended) Apparatus according to claim 13, characterized in that a number of 
operator selectable or automatically selectable predetermined velocity versus time 
profiles for the squeeze plate and the pivoted squeeze plate are stored in the controller. 

15. (amended) Apparatus according to claim 14, characterized in that the controller 
controls the speed of the squeeze plate and the pivoted squeeze plate during the 
squeezing of the mould according to the speed versus time profiles stored in the 
controller. 

16. (amended) Apparatus according to claim 1 1 , characterized in that the first pump and 
the second pump are of the variable displacement type, whereby the displacement of 
the first pump and the second pump is set according to a respective signal from the 
controller. 

17. (amended) Apparatus according to claim 13, characterized in that the controller, the 
first sensor, the first pump and the first actuator form a closed loop PID control system. 
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18. (amended) Apparatus according to claim 13, cliaracterized in tliat tine controller, the 
second sensor, the second pump and the second actuator form a closed loop PID 
control system. 
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ATTACHMENT B 



Marked Up Replacement Claims 



Following herewith is a marked up copy of each rewritten claim together with all other 
pending claims. 

Following herewith is a marked up copy of each rewritten claim. 



m 



1 . (amended) Method of producing mould parts ^Sfon a string moulding apparatus 
comprising a moulding chamber f^-between a squeeze plate ^and a pivoted squeeze 
plate <3)-in which both the squeezes plate <2)-and the pivoted squeeze plate {^can 
move in a direction towards each other and a direction away from one another 
comprising the steps of introducing a compressible particulate moulding material {4}-\n 
the moulding chamber fl^and then squeezing the moulding material {4)-by moving the 
squeeze plate {2)-and the pivoted squeeze plate ^towards one another, 

charaotorisod characterized by the step of.controlling the velocity of the squeeze 
plate and the velocity of the pivoted squeeze plate independent from one another during 
the squeezing of the mould part-(§). 

2. (amended) Method according to claim 1 , charact e rised characterized by the step of 
controlling the velocity of the squeeze plate (2fand the pivoted squeeze plate {Sfsuch 
that they move in the same direction during at least a part of the squeezing of the 
mould. 



3. (amended) Method according to claim 2, charaotorisod characterized by the step of 
controlling the velocity of the squeeze plate ^and the pivoted squeeze plate {Sfsuch 
that either the squeeze plate {^or the pivoted squeeze pate ^Sf is slowed down 
abruptly for creating a shock effect. 



4. (amended) Method according to claim 2-ef4, charact o r i sod characterized by the step 
of controlling the velocity of the squeeze plate (Sfand the pivoted squeeze plate ^ 
such that the pivoted squeeze plate ^is reversed during the squeezing operation. 
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5. (amended) Method according to any of claims 24g-4, charactoris o d characterized by 
the step of controlling the velocity of the squeeze plate ^and the pivoted squeeze 
plate ^such that they move towards one another with different velocity during at least 
a part of the squeezing of the mould. 

6. (amended) Method according to any of claims 1-4G-&, charactoris o d characterized by 
the step of controlling the velocity of the squeeze plate {2)-and the pivoted squeeze 
plate such that they move towards one another with equal velocity during at least a 
part of the squeezing of the mould. 

7. (amended) Method according to any of claims 1 to 6 charaotoriood characterized in 
that the velocity of the squeeze plate ^and the velocity of the pivoted squeeze plate 
(Sfare controlled according to a predetermined velocity versus time profile. 

8. (amended) Method according to any of claims 149-?, oharaotor i sod characterized in 
that the velocity of the pivoted squeeze plate ^Sfis controlled such that the pivoted 
squeeze plate ^is positioned at the moulding chamber front 4a-at the end of the 
squeezing of the mould. 

9. (amended) String moulding apparatus for producing mould parts (§)-comprising a 
moulding chamber (4f between a squeeze plate (2)-and a pivoted squeeze plate-(S), in 
which mould parts {§)-are produced by introducing a compressible particulate moulding 
material (4fin the moulding chamber ft) and then moving the squeeze plate {2) and the 
pivoted squeeze plate ^towards each other to squeeze the mould part ^ 

charact e risGdcharacterized in that the velocity of the squeeze plate ^ and the 
velocity of the pivoted squeeze plate ^are controlled independently from one another 
during squeezing of the mould part-(§). 

10. (amended) Apparatus according to claim 9, charactorisod characterized in that «=je-^ 
firsLactuator 4€-.driving the squeeze plate 2-and the - a second actuator 44-driving the 
pivoted squeeze plate 3 are independently powered. 
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1 1 . (amended) Apparatus according to claim 9 or 10 , charaot o risod characterized in that 
a first hydraulic actuator 4e-driving the squeeze plate 2-js powered by a first pump SO 
and a second hydraulic actuator 4^driving pivoted squeeze plate 3-is powered by a 
second pump 31. 

12. (amended) Apparatus according to any of claims 9 to 11 10, charactoriGod further tey 
comprising a firslsensor §2-for producing a signal corresponding to the velocity of the 
squeeze plate 2-and comprising a firsLsensor §2^ for producing a signal corresponding 
to the velocity of the pivoted squeeze plate-3. 

13. (amended) Apparatus according to claim 12, charactorisod further by comprising a 
controller ©0-which receives the signals from the first and second sensors 62 and 62' 
and controls the velocity of the squeeze plate 2-and the pivoted squeeze plate 3-in 
response to these signals. 

14. (amended) Apparatus according to claim 13, characterisod characterized in that a 
number of operator selectable or automatically selectable predetermined velocity versus 
time profiles for the squeeze plate 2-and the pivoted squeeze plate 3-are stored in the 
controller-eo. 

15. (amended) Apparatus according to claim 13 or 14, charactorisod characterized in 
that the controller ©©-controls the speed of the squeeze plate and the pivoted squeeze 
plate during the squeezing of the mould according to the speed versus time profiles 
stored in the controller. 

16. (amended) Apparatus according to any of claims 1 1 to 15 , 

characterised characterized in that the first pump ^and the second pump 34-are of the 
variable displacement type, whereby the displacement of the first pump SO-and the 
second pump ^ is set according to a respective signal from the controller-©©. 
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17. (amended) Apparatus according to any of claims 13 to 16 , 
charactorisod characterized in that the controller-§e, the firsLsensor-§2, the firsLpump 
^_and thefireiactuator4G-form a closed loop PID control system. 

18. (amended) Apparatus according to any of claims 13 to 17 , 

charactor i sod characterized in that the controller-§0, the second_sensor-&2^, the second 
pump ^and the second actuator 44-fnrm a closed loop PID control system. 



: _ 
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INDEPENDENT CO NTROL OF SQ UEEZE PLATE VETj^rTTV 
Y DURING FLASKLESS MOULDING 



TECHNICAL FIELD 

5 

The present invention relates to a method of producing mould parts on a mould 
string apparatus of the kind set forth in the preamble of claim 1 and to a string 
moulding apparatus for producing mould parts of the kind set forth in the preamble 
of claim 9. 



BACKGROUND ART 

A method and apparatus of this general kind is known from US-A-5,647,424. 
15 According to this method, an apparatus comprising a moulding chamber between a 
squeeze plate and a pivoted squeeze piate carries out a number of sequential 
movements in order to produce a mould part. The moulding process comprises the 
steps of: 

-charging the moulding chamber with compressible mould material, e.g. clay- 
20 bonded green sand, 

-bilateral pressing the mould material between a squeeze plate and a pivoted 
squeeze plate thus forming a mould part, 

-retracting the pivoted squeeze plate and pivoting the pivoted squeeze plate out of 
the way, 

25 -moving the squeeze plate towards and past the pivoted squeeze plate for pushing 
the mould out from the moulding chamber and bringing it into abutment with a 
mould having been produced immediately before, and 

- moving the squeeze plates back to their respective starting positions, after which 
a new cycle begins. 

30 

The squeezing of the mould process according to US-A-5,647,424 is bilateral, i.e. 
both the squeeze plate and the pivoted squeeze plate move into the moulding 
chamber during the squeezing of the mould. The advantage of bilateral squeezing 
is the in the degree of compaction of the sand and the squeeze plate and the 
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pivoted squeeze plate is equal, hence the degree of hardness of the mould 
surfaces produced at these plates is equal. However, often the squeezed mould 
part will not be placed at the moulding chamber front at the end of the squeezing 
process. This has the disadvantage that a vacuum will be drawn when the pivoted 
5 squeeze plate is stripped from the mould part and retracted from the moulding 
chamber The vacuum can damage the mould part or reduce the quality of the 
mould part by tearing off pieces of the mould part and by sucking in sand which 
deposits on the surface of the mould part. 

10 This problem has up to now been solved by moving the pivoted squeeze plate so 
slowly out of the moulding chamber that the vacuum is reduced by air flowing in 
through nozzles and openings between the pivoted squeeze plate an the moulding 
chamber. Another solution has been to move the squeeze plate and the pivoted 
squeeze plate simultaneously and with the same speed towards the front of the 

15 moulding chamber after the squeezing process so that the mould part is 
transported to the chamber front Both solutions have the disadvantage that the 
cycle time is significantly increased. 



20 DISCLOSURE OF THE INVENTION 

It is the object of the invention to provide a method of producing mould parts on a 
mould string apparatus of the kind referred to above, in which the bilateral 
squeezing process can be controlled in a better way. This object is achieved by 
25 the characterising features of claim 1 . By controlling the velocity of the squeeze 
plate and the velocity of the pivoted squeeze plate independently, the squeezing 
process can be controlled such that the mould part can be positioned at the 
moulding chamber front at the end of the squeezing process. 

30 The velocity of the squeeze plate and the pivoted squeeze plate may be controlled 
such that they move in the same direction during at least a part of the squeezing of 
the mould. The velocity of the squeeze plate and the pivoted squeeze plate may 
also be controlled such that either the squeeze plate or the pivoted squeeze plate 
is slowed down abruptly for creating a shock effect. The velocity of the squeeze 
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plate and the pivoted squeeze plate may also be controlled such that the pivoted 
squeeze plate is reversed during the squeezing operation. The velocity of the 
squeeze plate and the pivoted squeeze piate may also be controlled such that they 
move towards one another with different velocity during at least a part of the 
5 squeezing of the mould. The velocity of the squeeze plate and the velocity of the 
pivoted squeeze plate may be controlled according to a predetermined velocity 
versus time profile. The velocity of the pivoted squeeze plate is controlled such that 
the pivoted squeeze plate is positioned at the moulding chamber front at the end of 
the squeezing of the mould. 

10 

It is another object of the invention to provide a string moulding apparatus for 
producing mould parts of the kind refen-ed to above, in which the bilateral 
squeezing process can be controlled in a better way. This object is achieved by the 
characterising features of claim 9. By controlling the velocity of the squeeze plate 
16 and the velocity of the pivoted squeeze plate independently, tfie squeezing 
process can be controlled such that the mould part will be placed at the moulding 
chamber front at the end of the squeezing process. 

According to an embodiment of the invention, the actuator driving the squeeze 
20 plate and the actuator driving the pivoted squeeze plate are independently 
powered. According to another embodiment of the invention a first hydraulic 
actuator driving the squeeze plate Is powered by a first pump and a second 
hydraulic actuator driving pivoted squeeze plate is powered by a second pump. 
The apparatus may comprise a sensor for producing a signal corresponding to the 
25 velocity of the squeeze plate and comprising a sensor for producing a signal 
conresponding to the velocity of the pivoted squeeze plate. The apparatus may 
advantageously comprise a controller that receives the signals from the sensors 
and controls the velocity of the squeeze plate and the pivoted squeeze piate in 
response to these signals. In order to allow flexible operation of the apparatus, for 
30 example when shifting to another type of mould part, a number of operator 
selectable or automatically selectable predetermined velocity versus time profiles 
for the squeeze plate and the pivoted squeeze plate are stored in the controller. 
The controller may control the vetodty of the squeeze plates in a closed loop 
manner for example according to a PID control function. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

5 In the following detailed part of the description, the invention will be explained in 
more detail with reference to the exemplary embodiments of the method of 
controlling the velocity of the squeeze plates of a string moulding apparatus during 
mould squeezing and a string moulding apparatus in v^ich the velocity of the 
squeeze plates is controlled during squeezing of the mould part according to the 
10 invention shown in the drawings, in which 

Figures 1, 1a, lb, 1c, 1d and 1e diagrammatically illustrate six stages during the 
production of a mould, 

Figure 2 shows a diagrammatic view of the guiding and actuating system of the 
apparatus, 

15 Figure 3 shows a circuit diagram of the hydraulic system for the apparatus, and 

Figure 4 shows is a plot of the velocity of the squeeze plates versus time, i.e. a 
velocity profile, of the complete production cycle, 

Figure 5 shows a profile of the velocity of the squeeze plates versus time during 
squeezing of the mould part according to an embodiment of the invention. 
20 Figure 5a shows the position of the squeeze plate and the pivoted squeeze plate at 
the beginning of the squeezing process. 

Figure 5b shows the position of the squeeze plate and the pivoted squeeze plate at 
the end of the squeezing process, 

Figure 6, shows a profile of the velocity of the squeeze plates versus time during 
25 squeezing of the mould part according to another embodiment of the invention, 

Figure 63 shows the position of the squeeze piate and the pivoted squeeze plate at 

the beginning of the squeezing process corresponding to Figure 6, 

Figure 6b shows the position of the squeeze plate and the pivoted squeeze plate at 

the end of the squeezing process con^esponding to Figure 6, 
30 Figure 7 shows a profile of the velocity of the squeeze plates versus time during 

squeezing of the mould part according to an yet another embodiment of the 

invention, 

Figure 7a shows the position of the squeeze plate and the pivoted squeeze plate at 
the beginning of the squeezing process conresponding to Figure 7, and 
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Figure 7b shows the position of the squeeze plate and the pivoted squeeze plate at 
the end of the squeezing process corresponding to Figure 7. 

5 DETAILED DESCRIPTION OF THE INVENTION 

In Figures 1, la to 1e, the six stages of the cycle of producing a mould in a string 
moulding apparatus are illustrated, in Figure 1, a moulding chamber 1 is shown, of 
which one end is closed by a squeeze plate 2 canning a pattern in its starting 

10 position, the other end being dosed by a pivoted squeeze plate 3 canrying a 
pattern, in this Figure shown in its lowermost (starting) position. The moulding 
chamber 1 is filled with compressible mould material from a hopper. Usually green 
sand, i.e. clay bonded sand is a preferred moulding material. To the right side in 
this Figure are shown two previously produced moulds 5, resting and being 

15 conveyed stepwise on a conveyor 6, the top of which is aligned with the bottom of 
the moulding chamber 1. 

Figure 1a illustrates the bilateral pressing of a mould 5 in the moulding chamber by 
movement of the squeeze plate 2 into the moulding chamber 1 and movement of 

20 the pivoted squeeze plate 1 from the opposite side, viz. the chamber front 1a, into 
the moulding chamber 1 under influence of oppositely directed pressing forces, in 
this Figure being symbolised by arrows. The present invention relates specifically 
to the control of the velocity of the squeeze plates during this phase of the 
production cycle. The description of the rest the production cycle continues first. 

25 The details of the velocity control during the squeezing process follow thereafter. 

Figure 1b illustrates the situation, in which the pivoted squeeze plate 3 has been 
withdrawn from the moulding chamber 1 and pivoted upwardly in the direction 
shown by an arrow to a position, in which all of it is positioned at a level higher than 
30 the upper limiting level of the moulding chamber 1, thus allowing free passage 
below for the freshly pressed mould 5. 

Figure 1c illustrates the situation in which the mould 5 is being pushed out of the 
moulding chamber 1 by the squeeze plate 2 into abutment with the last of the 
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previously produced moulds 5 and, according to a preferred embodiment, further 
until It occupies the position previously occupied by said previously produced 
mould, pushing the string of moulds generally designated with 7 one step towards 
the right in the Figure over a distance equal to the width of a mould 5 as measured 
5 in the longitudinal direction of the mould string 7. According to another 
embodiment, the squeeze plate 2 retracts when the mould 5 comes into abutment 
with the last of the previously produced moulds. The mould sthng is then 
transported by a mould-string*transporting means 8. 

10 Figure 1d illustrates the situation in which the squeeze plate 2 is moved back to its 
position as shown in Figure 1 thereby stripping the squeeze plate 2 and an 
associated pattern from the mould 5. 

Figure 1e illustrates the situation in which moulding chamber is closed by the 
15 pivoted squeeze plate 3 having returned to the moulding chamber 1. Thus, both 
the squeeze plate 2 and the pivoted squeeze plate 3 have returned to their starting 
position. The two squeeze plates 2,3 automatically centre relatively to the sand 
injection slot 9, taking into account the height of the pattern plates carried by them. 
Consequently, wear caused to the pattem plates is reduced to a minimum, and the 
20 moulding chamber 1 can be homogeneously filled. The moulding chamber is 
charged again so that a new cycle may begin. During charging, the simultaneous 
movement of the squeeze plates towards one another may begin. 

Between the moulds 5 casting cavities are formed, of which one is in the process 
25 of being cast with metal, whereas the two cavities to the extreme right in the 
Figures have already been cast with metal. During the further movement of the 
string of moulds 7, the metal in the casting cavities solidifies and finally, the moulds 
5 with the solidified castings end up on a shake-out grate (not shown), on which 
the mould material is separated from the castings. Many moulds require the use of 
30 a core (not shown) which is inserted into the moulding cavity of the last produced 
mould part 5. 

Figure 5 illustrates diagrammatically the velocity of the squeeze plate 2 and the 
pivoted squeeze plate 3 during the process of bilateral pressing of the mould part 5 
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in a first embodiment according to the invention. The starting position of tfie 
squeeze plates 2,3 is illustrated by Figure 5a. During the squeezing process the 
speed of the squeeze is controlled according to the velocity versus time profile in 
Figure 5, wherein the squeeze plate 2 continuously moves into the chamber 

5 moulding chamber 1, until it comes to a standstill, and the pivoted squeeze plate 3 
starts off with a velocity smaller than that of the squeeze plate 2 and in a direction 
out of the moulding chamber 1 , whereupon the pivoted squeeze plate 3 starts to 
slow down and reverses its direction and moves into the moulding chamber 1 
towards the last part of the squeezing process, before it comes to a standstill at the 

10 end of the squeezing process. At the end of the squeezing process the squeeze 
plate 2 and the pivoted squeeze plate 3 are positioned as shown in Figure 5b. 
Thus the pivoted squeeze plate 3 is positioned at the front la of the moulding 
chamber 1 . The pivoted squeeze plate 3 can thus be stripped from the mould part 
5 and retracted from the mould chamber 1 substantially without creating a vacuum. 

15 A vaojum created during the stripping off of the pivoted squeeze plate 3 could 
namely be detrimental to the surface quality of the mould part 5. During the first 
stage of the squeezing of the mould according to this embodiment the pressure on 
the squeeze plate side of the mould part 5 and the pressure on the pivoted 
squeeze plate side of the mould part 5 are not equal because of the friction 

20 between the mould material 4 and the moulding chamber 1 which is due to the 
relative movement of the mould material 4 with respect to the mould chamber 1. 
However at to the reversal of direction of the pivoted squeeze plate at the end of 
the squeezing process the relative speed between the mould part 5 and the 
moulding chamber is 0, and therefore the pressure acting on the mould part on the 

25 side of the pivoted squeeze plate is equal to the pressure acting on the side of the 
squeeze plate 2. The surface quality of the two sides of the mould part is therefore 
equal. 

Figure 6 illustrates diagrammatically the velocity versus time profile according to a 
30 further embodiment of the invention. The starting position of the squeeze plates 2,3 
Is illustrated by Figure 6a. During the squeezing process the speed of the squeeze 
is controlled according to the velocity versus time profile in Figure 6, wherein the 
squeeze plate 2 continuously moves into the chamber moulding chamber 1. until it 
comes to a standstill, and the pivoted squeeze plate 3 starts off with a velocity 
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smaller than that of the squeeze plate 2 and in a direction out of the moulding 
chamber 1, whereupon the pivoted squeeze plate 3 abruptly slows down and 
reverses its direction and moves into the moulding chamber 1 towards the last part 
of the squeezing process, before it comes to a standstill at the end of the 
5 squeezing process. The pivoted squeeze plate 3 may also start off with the same 
velocity as the squeeze plate 3 (not shown). At the end of the squeezing process 
the squeeze plate 2 and the pivoted squeeze plate 3 are positioned as shown in 
Figure 6b. Due to the abrupt slowing down of the pivoted squeeze plate 3 during 
the process of squeezing the mould part 5 a chock effect is created which 
10 improves the compacting of the particulate mould material 4. 

Figure 7 illustrates diagrammatically the velocity versus time profile another 
embodiment of the invention. The starting position of the squeeze plates 2,3 is 
illustrated by Figure 7a. During the squeezing process the speed of the squeeze is 

15 controlled according to the velocity versus time profile in Figure 7, wherein the 
squeeze plate 2 continuously moves into the chamber moulding chamber 1, until it 
comes to a standstill, and the pivoted squeeze plate 3 starts off with a velocity 
smaller than that of the squeeze plate 2 and in a direction out of the moulding 
chamber 1, and both squeeze plates come to a standstill at the end of the 

20 squeezing process. At the end of the squeezing process the squeeze ptate 2 and 
the pivoted squeeze plate 3 are positioned as shown in Figure 7b. Thus the pivoted 
squeeze plate 3 is positioned at the front 1a of the moulding chamber 1. The 
pivoted squeeze plate 3 can thus be stripped from the mould part 5 and retracted 
from the mould chamber 1 without creating a vacuum. 

25 

During the of the squeezing of the mould part 5 according to this embodiment the 
pressure on the squeeze plate side of the mould part 5 and the pressure on the 
pivoted squeeze plate side of the mould part 5 are not equal because of the friction 
between the mould material 4 and the moulding chamber 1 which is due to the 
30 relative movement of the mould material 4 with respect to the mould chamber 1. 

In this embodiment different degrees in compaction of the moulding material, and 
hence also difference in the degree of hardness of the mould part surface have to 
be accepted. 
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Figures 2 and 3 illustrate diagrammatically the construction of the string moulding 
apparatus. The movement of the pressure plate 2 is derived from a linear hydraulic 
actuator 10 comprising a cylinder member 11, to which the squeeze plate 2 is 
directly secured, and a piston member comprising a piston head 12 and a piston 
5 rod 13 that passes tightly through an inner end wall 14 of the cylinder 11 and is 
supported by a stationary block 15. The stationary block 16 is an integral part of 
the base frame of the apparatus. The piston member divides the cylinder chamber 
into an outer annular compartment 16 and an inner annular compartment 17. The 
piston rod 13 is hollow and defines an inner annular chamber. A second piston rod 

10 13a extends from the outer end wall 18 of the cylinder 11 into the outer annular 
chamber 16. A second piston head 12a secured to the free end of the second 
piston rod 13a fits tightly in the annular chamber, thereby defining a compartment 
16a. The compartments 16, 16a and 17 are connected to conduits 20, 21 and 22 
for supply and discharge of pressure fluid. The cylinder member 11 actually 

15 constitutes the movable element. 

The pivoted pressure plate 3 comprises an analogous linear hydraulic actuator 10' 
with a cylinder member 11*. a piston head 12', a hollow piston rod 13', also 
supported by the block 15, an inner end wall 14\ an outer compartment 16', an 
20 inner annular compartment 17', a second piston rod 13a', an outer end wall 18', a 
second piston head 12', a compartment 16a' and conduits 20, 23 and 24. 

Also in this case, it is actually the cylinder member 11' that constitutes the movable 
element and this cylinder member 11' is connected to the pivoted pressure plate 3 

25 through a bracket 25 secured to the cylinder 11' at the inner end thereof, said 
bracket 25 being connected through push and pull rods 26 with a frame 27 
supporting the pivoted squeeze plate 3 in a hinge 28. The pivoting movement 
about the hinge pivoted squeeze plate 3 is caused by a lever device (not shown) 
forcing the pivoted squeeze plate 3 to pivot upwardly when the frame 27 is moving 

30 away from the moulding chamber 1 and vice versa. When moving away form the 
moulding chamber 1, the pivoting movement does not start before the pivoted 
squeeze plate 3 has reached a minimum distance that equals at least the height of 
its associated pattem from the moulding chamber. 
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As shown in Figure 3, the hydraulic system of the mould string apparatus 
comprises a first and second variable displacement hydraulic pumps 30 and 31. 
The pumps 30,31 are double-sided, i.e. they can deliver and receive fluid in two 
directions and therefore the pumps can be connected in closed circuit. In this 
5 embodiment the pumps 30,31 are swash-plate pumps having a swash-plate 
serving as a displacement volume varying member The pump driving the actuator 
10 associated with the squeeze plate 2 has preferably a larger capacity than the 
other pump, since the squeeze plate 2 is required to move at higher speed than the 
pivoted squeeze plate 3. A booster pump 35 delivers hydraulic fluid from a 
10 reservoir 36 to the pumps 30,31 through a conduit 37. The pumps 30,31 and 35 
are coupled to a common drive shaft 33 that is driven by a motor 34. Thus, the 
breaking energy fed back to one of the pumps is transmitted to the other pump. 

Each of the two ports of the first pump 30 is connected to the conduit 37 via a 
15 separate conduit including a non-return valve. In an analogous manner, each of the 
ports of the second pump 31 is connected to conduit 37. 

One of the ports of the first pump 30 is connected to the inner compartment 17 of 
the fist linear hydraulic actuator 10. The other port is connected directly through 
20 conduit 21 to compartment 16a and further via an on/off valve 38 and through a 
common conduit 20 to the outer compartment 16 of the first linear hydraulic 
actuator 10. The conduit 20 is connected via an on/off valve 39 to the reservoir. 

In an analogous manner, one of the ports of the second pump 31 is connected to 
25 the inner compartment 17' of the second linear hydraulic actuator 10'. The other 
port is connected directly though conduit 24 to compartment 16a' and further via an 
on/off valve 40 and through a common conduit 20 to the outer compartment 16' of 
the second linear hydraulic actuator 10\ 

30 The operation of the hydraulic system during the various stages of the production 
cycle of the string moulding apparatus will now be described. 



A controller 60 controls the operation of the production cycle. This controller can be 
of any known type, such as a numerical logic control or a digital computer, such as 
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a PC. 

For bilateral pressing the mould (Fig. 1a), valves 38 and 40 are in the "on", i.e. the 
open position and valve 39 is in the "off' position. The direction of the pumps 30,31 
5 is set to deliver the fluid under pressure to the ports that are connected to the 
conduits 21 and 23, respectively. Fluid under pressure is thus delivered to the 
compartments 16a and 16a* and through the open valves 38 and 40 to the outer 
compartments 16 and 16'. The inner compartments 17 and 17' are connected 
through conduits 22 and 24 to the suction side of the first pump 30 and the second 
10 pump 31. respectively. Since the volume of compartments 17 and 17' returning 
fluid is smaller tiian that of the compartments receiving fluid, additional fluid is 
drawn in by the pumps 30,31 from the reservoir 36 and delivered by the booster 
pump 35 via the non-return valves. A maximum force on the squeeze plates 2 and 
3, for pressing the mould 5 in the chamber 1, is thus obtained. 

15 

The velocity of the actuator 10 is measured by a sensor 62 that gives a signal to 
the controller 60. The velocity may also be measured by using a position sensor 
and differentiating the signal to time. The velocity of the actuator 1 1 is measured by 
a sensor 62' that gives a signal to the controller 60. The velocity of the actuators 

20 10, 11 corresponds directly to the velocity of the squeeze plate 2 and the pivoted 
squeeze plate 3, respectively. Consequently, the controller 60 can monitor the 
velocities of the squeeze plates 2,3. The controller 60 is connected to the pumps 
30 and 31. and a signal from the controller sets the output rate of the respective 
variable displacement pump. A set of velocity versus time profiles for the squeeze 

25 plate 2 and the pivoted squeeze plate 3 as shown in Figures 5 to 7 is stored in the 
controller 60. The controller 60 compares the measured velocity with the desired 
velocity according to the selected profile and sends out a signal to each of the 
pumps 30 and 31 to obtain the desired velocity in a closed loop-manner. The 
closed loop-control may be proportional, integral, differential or combinations 

30 thereof as well-known from industrial PID controllers. 



For stripping the pivoted squeeze plate 3 from \he mould 5 and for pivoting the 
pivoted squeeze plate 3 out of the way, the direction of pump 31 is set to deliver 
fluid under pressure to the port that is connected to conduit 24. Pressurised fluid is 
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thus delivered to chamber 17'. In order to evacuate compartment 16\ valve 39 is 
switched to the "on" position and the fluid is returned via the open valve 39 through 
the conduit 20 to the reservoir 36. The fluid evacuating from compartment 16a' is 
returned to the pump through conduit 23, since the valve 40 is switched in tiie "off" 
5 position. 

For pushing the mould 5 out of tiie moulding chamber 1 with the squeeze plate 2 
(Figure 1c), the pump 30 is set to deliver fluid under pressure to the port that is 
connected to the conduit 21. Valve 38 is switched to its "off position, thus only 
10 chamber 16a is pressurised. The fluid evaojating from chamber 17 is returned 
through conduit 22 to the pump 30. 

For stripping-off the squeeze plate 2 from the mould 5 and for moving the squeeze 
plate 2 back to its starting position (Figure Id), pump 30 is switched to deliver fluid 
15 under pressure to the port connected to conduit 22. Thus, compartment 17 is 
pressurised. The fluid evacuating from chamber 16a is returned to the pump 30 
through conduit 21, the valve 38 is switched to the "ofT position. The fluid 
evacuating from the compartment 16 is returned through conduit 20 via the open 
valve 39 to the reservoir 36. 

20 

For returning the pivoted squeeze plate 3 to the moulding chamber 1 (Figure 1e), 
the pump 31 is set to deliver fluid under pressure to the port connected to conduit 
23. Valve 40 is switched to its "off position, thus only chamber 16a* is pressurised. 
The fluid evacuating from chamber 17' is returned through conduit 24 to the pump 
25 31. 

With reference to Figure 4 the movements of the pressure plates 2 and 3 are 
illustrated by means of a profile of the speed in m/s versus time in seconds. The 
line with reference numeral 50 represents the speed of the squeeze plate 2. The 
30 line with reference numeral 52 represents the speed of the pivoted squeeze plate 
3, whereas the line with reference numeral 54 indicates the time in which the sand 
is shot into the moulding chamber 1. 

After the sand shot, the bilateral squeezing of the mould 5 is initiated by the 
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squeeze plate 2. The start of the pressing movement of the pivoted squeeze plate 
can, as explained in more detail in US-A-5,647,424, be delayed with respect to the 
squeeze plate 2 in order to compensate for the limited stroke of the pivoted 
squeeze plate 3. in apparatus with an extended stroke of the pivoted squeeze 
5 plate 3, the pressing movement of the squeeze plates 2,3 can commence 
simultaneously. Next, the pivoted squeeze plate 3 is stripped off the mould 5 and 
pivoted out of the way. Before this movement of the pivoted squeeze 3 plate has 
finished, the squeeze ptate 2 starts to move further into and past the moulding 
chamber 1 to push out the mould 5. This movement is however preferably not 

10 started before the pivoted squeeze plate 3 and its associated pattern have passed 
the front of the moulding chamber 1. The squeeze plate 2 continues it movement to 
push the mould 5 beyond the pivoted squeeze plate 2 and slows down to a 
complete standstill when the front of the mould 5 abuts with the previously 
produced mould 5. The movement of the squeeze plate 2 is thereafter continued 

15 so that the last and previously produced moulds are moved together as a stack or 
string 7 of moulds 5. When movement of the mould string 7 is completed, the 
movement of the squeeze plate 2 is reversed to move back to the starting position. 
Before the squeeze plate 2 has reached its starting position, the pivoted squeeze 
plate 3 starts to pivot and move back to the moulding chamber 1. The timing of the 

20 movement of the pivoted squeeze plate 3 back to the moulding chamber 1 is 
calculated taking into account the geometry and position versus time of the pivoted 
squeeze plate 3, the geometry and the position versus time of the squeeze plate 2 
and the associated patterns. Before the pivoted squeeze plate 3 has reached its 
starting position again, in which it closes the moulding chamber 1, the sand shot is 

25 started, and a new cycle begins. 

According to an embodiment of the invention, the centring of the two squeeze 
plates is done simultaneously. 

30 According to an embodiment of the invention, the pumps 30, 31 are fixed 
displacement pumps. In this embodiment, either the speed at which the pumps are 
driven is varied or proportional valves are used in order to vary the amount of fluid 
delivered to the actuators. 
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CLAIMS : 

1 . Method of producing mould parts (5) on a string moulding apparatus comprising 
a moulding chamber (1) between a squeeze plate (2) and a pivoted squeeze plate 

(3) in which both the squeeze plate (2) and the pivoted squeeze plate (3) can move 
in a direction towards each other and a direction away from one another 
comprising the steps of introducing a compressible particulate moulding material 

(4) in the moulding chamber (1) and then squeezing the moulding material (4) by 
moving the squeeze plate (2) and the pivoted squeeze plate (3) towards one 
another, 

characterised by the step of 

controlling the velocity of the squeeze plate and the velocity of the pivoted squeeze 
plate independent from one another during the squeezing of the mould part (5). 

2. Method according to claim 1, characterised by the step of controlling the velocity 
of the squeeze plate (2) and the pivoted squeeze plate (3) such that they move in 
the same direction during at least a part of the squeezing of the mould. 

3. Method according to claim 2, characterised by the step of controlling the velocity 
of the squeeze plate (2) and the pivoted squeeze plate (3) such that either the 
squeeze plate (2) or the pivoted squeeze plate (3) is slowed down abruptly for 
creating a shock effect. 

4. Method according to claim 2 or 3, characterised by the step of controlling the 
velocity of the squeeze plate (2) and the pivoted squeeze plate (3) such that the 
pivoted squeeze plate (3) is reversed during the squeezing operation. 

5. Method according to any of claims 2 to 4, characterised by the step of controlling 
the velocity of the squeeze plate (2) and the pivoted squeeze plate (3) such that 
they move towards one another with different velocity during at least a part of the 
squeezing of the mould 

6. Method according to any of claims 1 to 5, characterised by the step of controlling 
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the velocity of the squeeze plate (2) and the pivoted squeeze plate (3) such that 
they move towards one another with equal velocity during at least a part of the 
squeezing of the mould 

5 7. Method according to any of claims 1 to 6 characterised in that the velocity of the 
squeeze plate (2) and the velocity of the pivoted squeeze plate (3) are controlled 
according to a predetermined velocity versus time profile. 

8. Method according to any of claims 1 to 7, characterised in that the velocity of the 
10 pivoted squeeze plate (3) is controlled such that the pivoted squeeze plate (3) is 

positioned at the moulding chamber front la at the end of the squeezing of the 
mould, 

9. String moulding apparatus for producing mould parts (5) comprising a moulding 
15 chamber (1) between a squeeze piate (2) and a pivoted squeeze plate (3), in which 

mould parts (5) are produced by introducing a compressible particulate moulding 
material (4) in the moulding chamber (1) and then moving the squeeze plate (2) 
and the pivoted squeeze plate (3) towards each other to squeeze the mould part 
(5) characterised in that the velocity of the squeeze plate (2) and the velocity of the 
20 pivoted squeeze plate (3) are controlled independently from one another during 
squeezing of the mould part (5). 

10. Apparatus according to claim 9, characterised in that the actuator 10 driving the 
squeeze plate 2 and the actuator 11 driving the pivoted squeeze plate 3 are 

25 independently powered, 

11. Apparatus according to claim 9 or 10, characterised in that a first hydraulic 
actuator 10 driving the squeeze piate 2 Is powered by a first pump 30 and a 
second hydraulic actuator 11 driving pivoted squeeze plate 3 is powered by a 

30 second pump 31 . 

12. Apparatus according to any of claims 9 to 11, characterised by comprising a 
sensor 62 for producing a signal corresponding to the velocity of the squeeze plate 
2 and comprising a sensor 62' for producing a signal corresponding to the velocity 
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of the pivoted squeeze plate 3. 

13. Apparatus according to claim 12, characterised by comprising a controller 60 
which receives the signals from the sensors 62 and 62' and controls the velocity of 

5 the squeeze plate 2 and the pivoted squeeze plate 3 in response to these signals. 

14. Apparatus according to claim 12, characterised in a number of operator 
selectable or automatically selectable predetermined velocity versus time profiles 
for the squeeze plate 2 and the pivoted squeeze plate 3 are stored in the controller 

10 60. 

15. Apparatus according to any of claims 12 to 13, characterised in that the 
controller 60 controls the speed of the squeeze plate and the pivoted squeeze 
plate during the squeezing of the mould according to the speed versus time profiles 

15 stored in the controller. 

16. Apparatus according to any of claims 11 to 14, characterised in that the pump 
30 and the pump 31 are of the variable displacement type, whereby the 
displacement of the pump 30 and the pump 31 is set according to a respective 

20 signal from the controller 60. 

17. Apparatus according to any of claims 12 to 15, characterised in that the 
controller 60, the sensor 62. the pump 30 and the actuator 10 form a closed loop 
PID control system. 

25 

18. Apparatus according to any of claims 12 to 16, characterised in that the 
controller 60, the sensor 62'. the pump 31 and the actuator 11 form a closed loop 
PID control system. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
22 February 2001 (22.02.2001) 




PCT 



(10) International Publication Number 

wo 01/12360 Al 



(51) International Patent Classification^: B22C 11/10, 
19/04 

(21) International Application Number: PCT/DK99/00437 

(22) International Filing Date: 16 August 1999 (16.08,1999) 

(25) Filing Language: English 

(26) Publication Language: English 

(71) Applicant (for all designated States except US): GEORG 
FISCHER DISA A/S [DK/DK]; Herlev Hovedgade 17, 
DK-2730Herlev(DK). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): JACOBSEN, Ole, 
Anders [DK/DK]; Vesterprisvej 13, DK-3220 Hsvildeleje 
(DK). 

I (74) Agent: BUDDE, SCHOU & OSTENFELD A/S; Vester 
I S0gade 10, DK-1601 K0benhavn V (DK). 



(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, 
ES, H, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN. IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU. LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, FT, RO. RU, SD, 
SE, SG, SI, SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, 
VN,YU,ZA,ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, SD, SL, SZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, H, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

For two-letter codes and other abbreviationSr refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 




= (54) Title: INDEPENDENT CONTROL OF SQUEEZE PLATE VELOCITY DURING FLASKI£SS MOULDING 




(57) Abstract: The presoit inventicMi relates to a method 
of producing mould parts (5) on a string moulding 
apparatus comprising a moulding chamber (1) between 
a squeeze plate (2) and a pivoted squeeze plate (3) in 
which both the squeeze plate (2) and the pivoted squeeze 
plate (3) can move in a direction towards each other and 
a direction away from one another comprising the steps of 
introducing a compressible particulate moulding material 
(4) in the moulding chamber (1) and then squeezing the 
moulding material (4) by moving the squeeze plate (2) 
and the pivoted squeeze plate (3) towards one another 
wherein the velocity of the squeeze plate and the velocity 
of the pivoted squeeze plate are controlled independent 
from one another during the squeezing of the mould part 



3!II[J (5). Further the invention relates to a string moulding 

2 apparams for producing mould parts (5) comprising a moulding chamber (1) between a squeeze plate (2) and a pivoted squeeze 
plate (3), in which mould parts (5) are produced by introducing a compressible particulate moulding material (4) in the mouldhig 

Q chamberd) and then moving the squeeze plate (2) and the pivoted squeeze plate (3) towards each other to squeeze the mould part 
(5) wherein the velocity of the squeeze plate (2) and the velocity of the pivoted squeeze plate (3) are controlled independendy from 

^ one another during squeezing of the mould part (5). 
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to above. I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations, § 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 (a) - (d) or §365 (b) of any foreign application(s) for patent or inventor*s 
certificate or §365 (a) of any PCT International application which designated at least one countiy other than the United States of America, listed below and have 
also identified below, where priority is not clahned, any foreign application for patent or inventor's certificate, or any PCT International ^plication, havmg a filmg 
date before that of the application on which priority is claimed: 



Prior Foreign Application(s) (_ 
Number 



ADDITIONAL APPLICATIONS IDENTIHED ON ATTACHED SHEET): 

Country Day/Month/Year FUed 



Priority Not Claimed 



I . I hereby clmm the benefit under Tide 35, Umted States Code, § 120 of any United States application(s), or §365(c) of any PCT Iritemational^lication designatmg 
the U S listed below; and insofar as the subject matter of each claims of this application is not disclosed m die pnor United States or PCI International 
a Application in die manner provided by die first paragraph of Tide 35, United States Code, § 11 2 1 acknowledge the duty to disclose information which is rn^na^ 
S to patentability as defmed m Tide 37, Code of Federal Regulations § 1.56 which became available between die filing date ^die pnorapplication and die national 
^Wrri^^ Of this application. C_ ADDITTONAL APPUCATIONS IDENTinED ON ATTACHED SHEET.) 

Application Serial No. Day/MonthA^car Filed Status - patented, pending, abandoned 



(i » I I 

^ I hereby appoint die practioners of LARSON & TAYLOR associated widi die Customer Number provided below to prosecute tiiis application and to transact 
all business in die P&nt and Trademark Office connected dierewidi, and direct fliat all correspondgticc be addressed to tiiat Customer Number. 



Direct all telephone calls to 



CUSTOMER NUMBER: 00881 j 



at TEL (703) 739-4900 (Fax: 703-739-9577) 



I hereby declare diat all statements made herein of my own knowledge are true and diat all statements made on mformatior^ and belief ^ebeliev^^^^ be tn^, 
^ and Ser diat diese statements were made widi die knowledge diat willful false statements and die like so made are punishable by fine or imprisonment or both, 
; Sllir § 1 OOTof ™ 1 8 ome U^?S sStes Code and diat suSh willful false statements may jeopardize die validity of die application or any patent issued thereon. 





Full Name of Sole * 




Citizenship . _ 

Danish 


Full Post Ottice Addfess-'^^^Q^p^j_g^3 j 


13, DK-3220 Tisvildeleje, Denmark 


Residence - City, State/Country 

:if different from P.O. address^ b aiTie 


as P 


.O. address 




SIGN AND 

DATE HERE: Inventor's Signature: 




Date:3/^'^^a6g$*y 


^c— . 1 

Full Name of Second 


Citizenship 


Full Post Office Address 


Residence - City, State/Country 


SIGN AND 

DATE HERE: Inventor's Signature: 






Date: 


Full Name of Iliird 


Citizenship 


Full Post Office Address 


Residence - City, State/Country 

f\f rf ;ff«='rpnt frfMTI P O flHHreS<?^ ~ 


SIGN AND 

DATE HERE: Inventor's Signature: 






Date: 


Full Name of Fourth 


Citizenship 


Full Post Office Address 


Residence - City, State/Country 


SIGN AND 

DATE HERE: Inventor's Sienature: 






Date: 



SEE ATTACHED SHEET FOR SIMILAR INFORMATION AND SIGNATURE FOR ADDITIONAL JOINT INVENTORS. 
LARSON & TAYLOR, 1199 North Fairfax Street, Suite 900, Alexandria Virginia 22314 
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